Abstract. With the continuous increase of labor cost, and taking into account the complexity of the outdoor environment of the substation, the traditional manual inspection cannot meet the requirements of substation daily inspection. At present, most of the existing mobile robots only adopt the wheeled mobile form or the crawler type mobile form, unable to respond effectively to the outdoor application environment of the substation. Some mobile robot which using two mobile forms, mostly used two sets of separate drive units, which driving wheels or tracks respectively, will inevitably cause a heavy quality. In this paper, a new kind of Tire-track combined mobile robot is presented, and the simulation software is used to verify the characteristics of the mobile robot.
Introduction
The research on substation inspection robot is from the 90s of last century. The research of substation inspection robot in China was first started by the Electric Power Research Institute of Shandong electric power company in the beginning of this century. With the support of the national "863 project" and the State Grid Corp research project, a series of substation inspection robot is developed. From the figure 1, in the initial stage of development of the substation inspection robot, the robot chassis mostly adopts wheeled mobile mechanism. Most of the roads in the substation are in good condition, and there is no obvious obstacle, so the running effect of the wheeled robot chassis is good.
With the in-depth study of the substation inspection robot, the requirements of the robot function are also getting higher and higher, such as access to the substation equipment area for testing. In order to achieve the above goal, the crawler mobile robot is put into the detection of the substation, as shown in figure 2. The use of the track which ensure that the robot can run in the substation equipment area, but its operation efficiency is low, cannot guarantee the robot in the substation running around the clock. Therefore, a kind of robot which can run in the substation equipment area and run more efficiently is the research and development direction of the substation robot chassis.
In order to solve the above problems, in this paper, a new kind of Tire-track combined mobile robot is presented, and the 3D model will be built in Solidworks. The new robot only uses a set of driving mechanism to drive the tire and track, so it has high running efficiency and can run stably in the substation equipment area.
In recent years, the application of CAD/CAE/CAM becomes more and more popular, this technology is gradually mature and perfect, and provides more choices and means for the mechanical design. For example, in kinematics analysis, such as Adams, ABAQUS, NASTRAN simulation analysis software, through the virtual prototype system, the statics, dynamics and kinematics analysis can be done on the mechanical model, and the simulation results can be used to calculate the performance of mechanical system refers to the standard, collision detection, and peak load and so on.
Model of Tire-Track Combined Mobile Robot
The research on the tire track combined vehicle started from the beginning of the last century. As shown in Figure 3 and Figure 4 , SDKFZ254 is the earliest application of wheeled chassis vehicles, which has a reliable record. SDKFZ254 is designed by the RK-7 Design Bureau of the Saurer Company to supply the Austria army as a vehicle for artillery trailers. SDKFZ254 completed the test in 1937, and in 1938 was approved by the military and put into production. The characteristic of the SDKFZ254 is the use of tire track combined chassis and the use of diesel engine. When SDKFZ254 running on the road, the wheels will be laid down, then the SDKFZ254 will be driven by wheel system; And when the SDKFZ254 is on cross-country driving, the wheels will be retracted, then the SDKFZ254 will be driven by track system. As mentioned above, SDKFZ254 has two independent driving system, driving tire and track respectively. As shown in figure 5, Romotec F6a is the latest anti-terrorism robot which made by Northrop Grumman Corporation of the United Kingdom. The F6a has only one drive system that drives the tire and track movement. The disadvantage of F6a is that when it crosses the barrier, the four tires have the possibility of being blocked by the barrier. By analyzing the advantages and disadvantages of the chassis which discussed above, a new type of Tire-track combined mobile robot chassis is designed in this paper by Solidworks as shown in figure 6 and figure 7 .
This chassis has three drive systems, one is used to drive the chassis to move, and the other are used to turn the climbing arms, which also used to switch chassis running mode.
As shown in figure 8 , the wheel mounted on the frame of the arm, there is a chain wheel on the driving shaft of the track and the shaft of the wheel, and the two chain wheel are connected by a chain, so the driving motor can drive the track and wheel move together.
When the chassis running on the road, the arms will be turn down until the wheel teach the ground, then the chassis will be driven by wheel system, by this state the chassis can maintain a high movement efficiency; And when the chassis is on cross-country driving, the arms will be turn back until the wheels be retracted, then the chassis will be driven by track system. 
The Virtual Simulation of the Tire-Track Combined Mobile Robot
In recent years, the application of CAD/CAE/CAM becomes more and more popular, this technology is gradually mature and perfect, and provides more choices and means for the mechanical design. Through the virtual prototype system, the statics, dynamics and kinematics analysis can be done on the 3D model, and the simulation results can be used to calculate the performance of mechanical system refers to the standard, collision detection, and peak load and so on. In this paper, the static analysis of the key parts of the chassis will be carried out, and through the virtual simulation system to simulate the movement of the chassis climbing the obstacle.
Pretreatment of the Chassis Model
Before the statics and kinematics analysis of the chassis, the pretreatment of the 3D model of the chassis must be carried out firstly. In the statics analysis software, the pretreatment mainly includes building up statics modeling, editing the material properties, adding constraints and so on; in the kinematics analysis software, the pretreatment also need to add the driving.
As it is really inconvenient to do the modeling in the Ansys and Adams, so in this paper, Solid works model will transform into modeling by *.X_T format. *.X_T is a more stable format, in particular, is not easy to lose parts.
Statics Analysis of the Chassis Model
Through the analysis of the software, such as Ansys, we can get the stress of the main parts of the model, so as to optimize the design of the parts.
After building up the modeling, the model material properties should be defined in Ansys. Different material properties, corresponding to different elastic modulus and Poisson's ratio, have a direct impact on the results of statics simulation. In this paper, the material of the platform is defined by Aluminum.
In this model, we define the load of the chassis is 200kg, so that the overall force of the chassis as shown in the figure 9. Based on the analysis, the maximum stress concentration occurs on the keyway of the wheel shaft, but does not exceed the yield limit, so the design of the chassis, as shown in figure 10 and figure 11 . From the point of view of safety, when the prototype is manufactured, the material of the wheel shaft can be changed from aluminum to steel. 
Kinematic Analysis of the Chassis Model
As the same as static analysis, it is also necessary to define the material properties of the parts after the pretreatment in the Adams, so in this paper, the material of the platform is defined by Aluminum. After defining the material properties of each part, constraints and driving should be added next.
In this paper, we mainly analyze the kinematics of the chassis wheel running state and the motion of the chassis climbing the obstacle.
As shown in figure 12 , the chassis by the wheel running state can smoothly through the general bumpy road, and can travel on a steep slope of 20 degrees. The velocity curve of the chassis is shown in the figure 13. Before driving on the steep slopes, the chassis continues to accelerate to obtain higher kinetic energy, which driven the chassis to travel on the steep slopes. As shown in figure 14 , the chassis completes the climbing of the obstacle through the climbing of the four arm. And in the process of climbing obstacle, the walking wheel on the arm does not affect the movement of the arms. 
Conclusion
In this paper, a model of Tire-track combined mobile robot is constructed by Solid works. The chassis of the robot has only one drive system, the motion mode of the chassis is switched by rotating the arm.
In this paper, through the finite element analysis software of Ansys, we analyzed the overall force of the chassis and the maximum stress concentration of the key parts of the chassis in the case of load 200kg.
In this paper, through kinematic analysis software of Adams, we analyze the chassis travel on a steep slope of 20 degrees by the wheeled motion system, and simulate the movement of the chassis climbing over the obstacles.
